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1

SEQUENCES ASSOCIATED WITH TDP-43
PROTEINOPATHIES AND METHODS OF
USING THE SAME

GOVERNMENTAL RIGHTS

This invention was made with government support under
P50-AGO03681 awarded by the National Institutes of Health.
The government has certain rights 1n the invention.

FIELD OF THE INVENTION

The present invention provides nucleic acid and amino acid
sequences that may be utilized to 1dentily subjects at risk for
a TDP-43 proteinopathy.

BACKGROUND OF THE INVENTION

TAR DNA-binding protein 43 (TDP-43) 1s a pathological
protein of sporadic and familial frontotemporal lobar degen-
eration (FTLD) with ubiquitin-positive, tau-negative inclu-
sions (FTLD-U) with or without motor neuron disease
(MND). MND 1s a neurodegenerative disorder involving the
loss of upper and/or lower motor neurons and 1s characterized
climically by progressive weakness and death within a few
years of onset; the most common clinical MND phenotype 1s
amyotrophic lateral sclerosis (ALS). Recently, TAR DNA-
binding protein 43 (TDP-43) was 1dentified as a pathological

protein of the motor neuron inclusions found in sporadic
MND, but not in familial MND with Cu/Zn superoxide dis-

mutase-1 (SOD1) mutation.' ™ TDP-43 thus defines a class of
neurodegenerative diseases referred to as TDP-43 proteino-
pathies. There 1s a need 1n the art for understanding the link
between TDP-43 and these diseases, such that diagnostic and
therapeutic treatments may be developed.

SUMMARY OF THE INVENTION

One aspect of the invention encompasses an isolated
nucleic acid comprising at least ten contiguous nucleotides,
including nucleotide 1077, of SEQ 1D NO:1.

Another aspect of the mvention encompasses an 1solated
peptide comprising at least ten contiguous amino acids,
including amino acid 313, of SEQ ID NO:2.

Yet another aspect of the invention encompasses a method
for identitying a subject at risk for a TDP-43 proteinopathy.
The method comprises determining the 1dentity of the nucle-
otide at position 1077 of a nucleotide sequence comprising
the nucleic acid sequence of SEQ ID NO:1 1n a sample from
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2

a subject. The presence of a G 1nstead of an A at nucleotide
1077 indicates a risk for a TDP-43 proteinopathy.

An additional aspect of the mmvention encompasses a
method for identifying a subject at risk for a TDP-43 protein-
opathy. The method comprises determining the identity of the
amino acid at position 315 of an amino acid sequence com-
prising the amino acid sequence of SEQ ID NO:2 1n a sample
from a subject. The presence of a threonine instead of an
alamine at amino acid 315 indicates a risk for a TDP-43
protemopathy.

A further aspect of the invention encompasses an array that
comprises an address comprising an epitope binding agent. In
one iteration, the epitope binding agent can specifically bind
to SEQ ID NO:1 or a portion thereol containing nucleotide
1077. Alternatively, the epitope binding agent can specifically
bind to SEQ ID NO:2 or a portion thereof containing amino
acid 315.

Other aspects and 1terations of the invention are described
more thoroughly below.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 depicts illustrations showing that the missense
mutation A315T within a highly conserved region of exon 6
of TDP-43 segregates with all affected members of an auto-
somal dominant MND family. (a) TDP-43 genomic structure,
position ol missense mutation, and location of amino acid
change adjacent to glycine-rich domain. (b) Chromatogram
of exon 6 displays a base pair change (¢.1077 G>A) compared
to family control. (¢) Pedigree of family displays segregation
of the mutation with disease ( & =unaffected, ®#=affected with
mutation, diagonal line=deceased). Rsal restriction digest
was used to screen family members and 1,505 controls. Direct
sequencing was also performed on all family members in this
study to verily the mutation.

DETAILED DESCRIPTION OF THE INVENTION

The present mvention provides a nucleic acid sequence

variant of TDP-43 (SEQ ID NO:1 1nTable 1) that1s associated
with TDP-43 protemopathies. In particular, nucleic acid 1077
of SEQ ID NO:1 1s an A, as opposed to a G. Additionally, the
invention provides an amino acid sequence variant (SEQ 1D
NO:2 1n Table 1) of TDP-43 that 1s associated with TDP-43
protemnopathies. In particular, amino acid 315 of SEQ ID
NO:2 1s a threonine, as opposed to an alanine. The invention
also encompasses methods of diagnosing or detecting a TDP-
43 proteinopathy 1n a subject and an array. The sequences for

SEQ ID Nos. 1, 2, 3, and 4 are shown 1n Table 1 below.

TABLE 1

skEQ 1D ggtgggcggggggaggaggcggoecctagcgecattttgtgggagegaageggtggetgggetygcey

NO :

1

cttgggtccgtegetgetteggtgtecctgtegggetteccagecageggectagegggaaaagta
aaagatgtctgaatatattcgggtaaccgaagatgagaacgatgagcccattgaaataccatcegyg
aagacgatgggacggtgctgctcectceccacggttacageccagtttecaggggegtgtgggettege
tacaggaatccagtgtctcagtgtatgagaggtgtccecggectggtagaaggaattcectgecatgeccce
agatgctggctggggaaatctggtgtatgttgtcaactatccaaaagataacaaaagaaaaatgg
atgagacagatgcttcatcagcagtgaaagtgaaaagagcagtccagaaaacatccgatttaata
gtgttgggtctcocccatggaaaacaaccgaacaggacctgaaagagtattttagtaccetttggaga
agttcttatggtgcaggtcaagaaagatcttaagactggtcattcaaaggggtttggetttgttce

gttttacggaatatgaaacacaagtgaaagtaatgtcacagcgacatatgatagatggacgatgg
tgtgactgcaaacttcctaattctaagcaaageccaagatgagectttgagaagcagaaaagtgtt
tgtggggcgctgtacagaggacatgactgaggatgagctgegggagttcecttcectcectcagtacgggy
atgtgatggatgtcttcatccccaagecattcagggectttgectttgttacatttgecagatgat
cagattgcgcagtcetcectttgtggagaggacttgatcattaaaggaatcagegttcatatatcecaa
tgccgaacctaagcacaatagcaatagacagttagaaagaagtggaagatttggtggtaatccag
gtggctttgggaatcagggtggatttggtaatagcagagggggtggagctggtttgggaaacaat
caaggtagtaatatgggtggtgggatgaactttggtacgttcagcattaatccagceccatgatyggce
tgccgcecccaggcagcactacagagcagttggggtatgatgggcatgttagecagecagcagaace



SEQ ID

NO:

SEQ 1D

NO:

2

3
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TABLE 1-continued

L1

agtcaggcccatcgggtaataaccaaaaccaaggcaacatgcagagggagccaaaccaggectte
ggttctggaaataactcttatagtggctctaattectggtgcagcaattggttggggatcagecatc
caatgcagggtcecgggcagtggttttaatggaggctttggcetcaagcatggattctaagtcettety
gctggggaatgtagacagtggggttgtggttggttggtatagaatggtgggaattcaaatttttc
taaactcatggtaagtatattgtaaaatacatatgtactaagaattttcaaaattggtttgttca
gtgtggagtatattcagcagtatttttgacatttttctttagaaaaaggaagagctaaaggaatt
ttataagttttgttacatgaaaggttgaaatattgagtggttgaaagtgaactgctgtttgcectg
attggtaaaccaacacactacaattgatatcaaaaggtttctcecctgtaatattttatccectggac
ttgtcaagtgaattctttgcatgttcaaaacggaaaccattgattagaactacattctttacccce
ttgttttaatttgaaccccaccatatggatttttttecttaagaaaatctecttttaggagatca
tggtgtcacagtgtttggttcttttgttttgttttttaacacttgtctececctecatacacaaaag
tacaatatgaagccttcatttaatctcectgcagttcatctcatttcaaatgtttatggaagaagca
cttcattgaaagtagtgctgtaaatattctgeccataggaatactgtctacatgetttcectcattcea
agaattcgtcatcacgcatcacaggceccgegtectttgacggtgggtgteccatttttatecgetac
tctttatttcatggagtecgtatcaacgctatgaacgcaaggctgtgatatggaaccagaaggetyg
tctgaacttttgaaaccttgtgtgggattgatggtggtgecgaggcatgaaaggctagtatgage
gagaaaaggagagagcgcgtgcagagacttggtggtgcataatggatattttttaacttggcgag
atgtgtctctcaatcctgtggetttggtgagagagtgtgcagagagcaatgatagcaaataatgt
acgaatgttttttgcattcaaaggacatccacatctgttggaagacttttaagtgagtttttgtt
cttagataacccacattagatgaatgtgttaagtgaaatgatacttgtactccccecctaccecttt
gtcaactgctgtgaatgctgtatggtgtgtgttcetcettetgttactgatatgtaagtgtggcaat
gtgaactgaagctgatgggctgagaacatggactgagcttgtggtgtgetttgcaggaggacttyg
aagcagagttcaccagtgagctcaggtgtctcaaagaagggtggaagttctaatgtectgttaget
acccataagaatgctgtttgcectgcagttectgtgtectgtgettggatgetttttataagagttgt
cattgttggaaattcttaaataaaactgatttaaataatatgtgtctttgttttgcagecctgaa
tgcaaagaattcatagcagttaattccecttttttgaccecttttgagatggaactttcataaagt
ttcttggcagtagtttattttgcettcaaataaacttatttgaaaagttgtctcaagtcaaatgga
ttcatcacctgtcatgcattgacacctgatacccagacttaattggtatttgttettgecattgge
caaagtgaaaatttttttttttcttttgaaatctagttttgaataagtctgggtgaccgcaccta
aaatggtaagcagtaccctceccecggetttttettagtgectetgtgecatttgggtgatgttcetattt
acatggcctgtgtaaatctccattgggaagtcatgcecttctaaaaagattcecttatttgggggagt
gggcaaaatgttgattattttctaatgctttgtagcaaagcatatcaattgaaaagggaatatca
gcaccttcecctagtttgggatttgaaaagtggaattaattgcagtagggataaagtagaagaaacc
acaaattatcttgtgcctgaaatccattaagaggcctgatagetttaagaattagggtgggttgt
ctgtctggaagtgttaagtggaatgggcectttgtectoccaggaggtgggggaatgtggtaacattyg
aatacagttgaataaaatcgcttacaaaactcacactctcacaatgcattgttaagtatgtaaaa
gcaataacattgattctctgttgtacttttttgtaactaattcectgtgagagttgagctcattttc
tagttggaagaatgtgatatttgttgtgttggtagtttacctaatgeccttacctaattagatta
tgataaataggtttgtcattttgcaagttacataaacatttatcaatgaagtcatcctttagact
tgtaatcgccacattgtttcattattcagtttectectgtaaagggatcttgagttgttttaattt
tttttttectgcatctgaatctgecatgatttceccaaaccectgtaccatcectgaattttgecattttage
acttgcactattactcagcagcagtaacatggtaacacttaaaatggtactcggggacctccaaa
gactaaactgacaagccttcaaggagcccaggggtaagttaacttgtcaacggcatggtttaatc
ccttectttacacttgtgtaaatttcagttactggtcatagaaggctttcaatgttgagtggectt
ttattaacatgtttatggtactgcatagatacgggtatttattttaccctaagaagattttgaag
tttaaaagtacttaaactatttggcaaagatttgtttttaaaaatctatttggtcaatctaaatg
cattcattctaaaaaattttttgaaccagataaataaaatttttttttgacaccacaaaaaaaaa
aaaaaaaaaaa

MSEYIRVTEDENDEPIEIPSEDDGTVLLSTVTAQFPGACGLRYRNPVSQCMRGVRLVEGILH
APDAGWGNLVYVVNYPKDNKRKMDETDAS SAVKVKRAVOKTSDLIVLGLPWKT TEQDLKE
YESTEFGEVLMVOQVKKDLKTGHSKGFGEFVREFTEYETQVKVMSQRHMIDGRWCDCKLPNSKO
SQDEPLRSRKVEFVGRCTEDMTEDELREFFSQYGDVMDVEI PKPFRAFAFVTEFADDQIAQSL
CGEDLIIKGISVHISNAEPKHNSNROLERSGREGGNPGGEFGNQGGEFGNSRGGGAGLGNNOQ
GSNMGGGMNEGTES INPAMMAAAQAALQS SWGMMGMLASQONOQSGP SGNNONQGNM
QREPNQAFGSGNNSYSGSNSGAATIGWGSASNAG SGSGEFNGGEFGSSMDSKSSGWGM

ggtgggcggggggaggaggceggecctagegecattttgtgggagegaageggtggetgggetgeg
cttgggtcoccecgtegetgetteggtgtecctgtegggetteccagcageggectagegggaaaagta
aaagatgtctgaatatattcgggtaaccgaagatgagaacgatgagceccattgaaataccategy
aagacgatgggacggtgctgctctcecacggttacageccagtttecaggggegtgtgggettege
tacaggaatccagtgtctcagtgtatgagaggtgtccggetggtagaaggaattcetgecatgecce
agatgctggctggggaaatctggtgtatgttgtcaactatccaaaagataacaaaagaaaaatgg
atgagacagatgcttcatcagcagtgaaagtgaaaagagcagtccagaaaacatccgatttaata
gtgttgggtctcccatggaaaacaaccgaacaggacctgaaagagtattttagtacctttggaga
agttcttatggtgcaggtcaagaaagatcttaagactggtcattcaaaggggtttggetttgttce
gttttacggaatatgaaacacaagtgaaagtaatgtcacagcgacatatgatagatggacgatgg
tgtgactgcaaacttcctaattctaagcaaagccaagatgagcectttgagaagcagaaaagtgtt
tgtggggcgctgtacagaggacatgactgaggatgagcectgegggagttcecttetectcagtacgggyg
atgtgatggatgtcttcatccccaageccattcagggectttgectttgttacatttgcagatgat
cagattgcgcagtcetetttgtggagaggacttgatcattaaaggaatcagegttcatatatccaa
tgccgaacctaagcacaatagcaatagacagttagaaagaagtggaagatttggtggtaatccag
gtggctttgggaatcagggtggatttggtaatagcagagggggtggagcetggtttgggaaacaat
caaggtagtaatatgggtggtgggatgaactttggtgcgttcagcattaatceccagecatgatggce
tgccgcccaggcagcactacagagcagttggggtatgatgggcatgttagceccagecagcagaacc
agtcaggcccatcgggtaataaccaaaaccaaggcaacatgcagagggagccaaaccaggectte
ggttctggaaataactcttatagtggctctaattctggtgcagcaattggttggggatcagcatc
caatgcagggtcecgggcagtggttttaatggaggctttggcectcaagcatggattctaagtcettetyg

gctggggaatgtagacagtggggttgtggttggttggtatagaatggtgggaattcaaatttttc
taaactcatggtaagtatattgtaaaatacatatgtactaagaattttcaaaattggtttgttca



SEQ 1D

NO:

4
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TABLE 1-continued

L1

gtgtggagtatattcagcagtatttttgacatttttctttagaaaaaggaagagctaaaggaatt
ttataagttttgttacatgaaaggttgaaatattgagtggttgaaagtgaactgctgtttgectyg
attggtaaaccaacacactacaattgatatcaaaaggtttctcectgtaatattttatceccctggac
ttgtcaagtgaattctttgcatgttcaaaacggaaaccattgattagaactacattctttacccce
ttgttttaatttgaaccccaccatatggatttttttecttaagaaaatctecttttaggagatca
tggtgtcacagtgtttggttcecttttgttttgttttttaacacttgtctecectcatacacaaaag
tacaatatgaagccttcatttaatctctgcagttcatctcatttcaaatgtttatggaagaagca
cttcattgaaagtagtgctgtaaatattctgcecataggaatactgtctacatgcetttcectcattcea
agaattcgtcatcacgcatcacaggceccecgegtectttgacggtgggtgteccatttttatecgetac
tctttatttcatggagtegtatcaacgctatgaacgcaaggctgtgatatggaaccagaaggetyg
tctgaacttttgaaaccttgtgtgggattgatggtggtgeccgaggcatgaaaggctagtatgagce
gagaaaaggagagagcgcgtgcagagacttggtggtgcataatggatattttttaacttggcgag
atgtgtctctcaatectgtggetttggtgagagagtgtgcagagagcaatgatagcaaataatgt
acgaatgttttttgcattcaaaggacatccacatctgttggaagacttttaagtgagtttttgtt
cttagataacccacattagatgaatgtgttaagtgaaatgatacttgtactceccccectacccecettt
gtcaactgctgtgaatgctgtatggtgtgtgttcetcettetgttactgatatgtaagtgtggcaat
gtgaactgaagctgatgggctgagaacatggactgagcttgtggtgtgetttgcaggaggacttyg
aagcagagttcaccagtgagctcaggtgtctcaaagaagggtggaagttctaatgtctgttaget
acccataagaatgctgtttgcectgcagttcectgtgtectgtgettggatgetttttataagagttgt
cattgttggaaattcttaaataaaactgatttaaataatatgtgtctttgttttgcageccctgaa
tgcaaagaattcatagcagttaattccecttttttgaccecttttgagatggaactttcataaagt
ttcttggcagtagtttattttgcttcaaataaacttatttgaaaagttgtctcaagtcaaatgga
ttcatcacctgtcatgcattgacacctgatacccagacttaattggtatttgttettgecattgge
caaagtgaaaatttttttttttcttttgaaatctagttttgaataagtctgggtgaccgcaccta
aaatggtaagcagtaccctceceggetttttettagtgectetgtgecatttgggtgatgttcetattt
acatggcctgtgtaaatctceccattgggaagtcatgcecttctaaaaagattcettatttgggggagt
gggcaaaatgttgattattttctaatgctttgtagcaaagcatatcaattgaaaagggaatatca
gcaccttcecctagtttgggatttgaaaagtggaattaattgcagtagggataaagtagaagaaacc
acaaattatcttgtgcctgaaatccattaagaggcctgatagcetttaagaattagggtgggttgt
ctgtctggaagtgttaagtggaatgggctttgtecteccaggaggtgggggaatgtggtaacattyg
aatacagttgaataaaatcgcttacaaaactcacactctcacaatgcattgttaagtatgtaaaa
gcaataacattgattctctgttgtacttttttgtaactaattectgtgagagttgagectcattttc
tagttggaagaatgtgatatttgttgtgttggtagtttacctaatgecccttacctaattagatta
tgataaataggtttgtcattttgcaagttacataaacatttatcaatgaagtcatcctttagact
tgtaatcgccacattgtttcattattcagtttectcectgtaaagggatcttgagttgttttaattt
tttttttctgcatcectgaatctgecatgattteccaaacectgtaccatectgaattttgecattttage
acttgcactattactcagcagcagtaacatggtaacacttaaaatggtactcggggacctccaaa
gactaaactgacaagccttcaaggagceccaggggtaagttaacttgtcaacggcatggtttaatce
ccttectttacacttgtgtaaatttcagttactggtcatagaaggctttcaatgttgagtggectt
ttattaacatgtttatggtactgcatagatacgggtatttattttaccctaagaagattttgaag
tttaaaagtacttaaactatttggcaaagatttgtttttaaaaatctatttggtcaatctaaatyg
cattcattctaaaaaattttttgaaccagataaataaaatttttttttgacaccacaaaaaaaaa
aaaaaaaaaaa

MSEYIRVTEDENDEPIEIPSEDDGTVLLSTVTAQFPGACGLRYRNPVSQCMRGVRLVEGILH
APDAGWGNLVYVVNYPKDNKRKMDETDAS SAVKVKRAVOKTSDLIVLGLPWKT TEQDLKE
YESTEFGEVLMVOQVKKDLKTGHSKGFGFVREFTEYETQVKVMSQRHMIDGRWCDCKLPNSKO
SQDEPLRSRKVEFVGRCTEDMTEDELREFFSQYGDVMDVEI PKPFRAFAFVTFADDQIAQSL
CGEDLIIKGISVHISNAEPKHNSNROLERSGREGGNPGGEFGNQGGE GNSRGGGAGLGNNO
GSNMGGGMNEFGAFS INPAMMAAAQAATLQS SWGMMGMLASQONQSGP SGNNONQGNM
QREPNQAFGSGNNSYSGSNSGAATIGWGSASNAGSGSGEFNGGEGS SMDS KS SGWGM

45

I. Nucleic Acid

One aspect of the present invention encompasses an 1S0-
lated nucleic acid. Generally speaking, the sequence of the
nucleic acid comprises nucleotide position 1077 of SEQ 1D
NO:1. In particular, the sequence of the nucleic acid com-
prises an A at position 1077 of SEQ ID NO:1, as opposed to
the wild-type sequence that has a G at position 1077 (SEQ ID
NO:3, Table 1). In one embodiment, the nucleic acid com-
prises at least five contiguous nucleotides, including nucle-
otide 1077, of SEQ ID NO:1. In another embodiment, the
nucleic acid comprises at least 10, at least 15, at least 20, at
least 25, at least 30, at least 35, at least 40, at least 45, at least
50, at least 55, at least 60, at least 65, at least 70, at least 75,
at least 80, at least 85, at least 90, at least 95, or at least 100
contiguous nucleotides, including nucleotide 1077, of SEQ
ID NO:1. In yet another embodiment, the nucleic acid com-
prises at least 200, at least 300, at least 400, at least 500, at
least 600, at least 700, at least 800, at least 900, or at least 1000
contiguous nucleotides, including nucleotide 1077, of SEQ
ID NO:1. In a further embodiment, the nucleic acid comprises
at least 1000, at least 2000, at least 3000, at least 4000, or
more than 4000 contiguous nucleotides, including nucleotide

1077, of SEQ ID NO:1.

50

55

60

65

In an alternative embodiment, the nucleic acid comprises
exon 6 of TDP-43, wherein nucleic acid 1077 1s an A 1nstead
of a G. In another alternative embodiment, the nucleic acid
comprises the cDNA of TDP-43, wheremnnucleic acid 1077 1s
an A instead of a . In certain embodiments, the nucleic acid
consists of the nucleic acid sequence of SEQ ID NO:1.

The present invention also encompasses nucleic acids that
are complementary to the isolated nucleic acid sequences
described above. For instance, in some embodiments, a
nucleic acid of the invention hybridizes to a nucleic acid
comprising nucleotide position 1077 of SEQ ID NO:1. In
other embodiments, the nucleic acid hybridizes to a nucleic
acid comprising nucleotide 1077 of SEQ 1D NO:1 but not to
a nucleic acid comprising nucleotide 1077 of SEQ ID NO:3.
In one embodiment, the nucleic acid hybridizes to a nucleic
acid comprising exon 6 of TDP-43, wherein nucleic acid
1077 1s an A 1nstead of a G.

Hybridization ol nucleic acids 1s typically performed under
stringent conditions. Nucleic acid duplex or hybrid stability 1s
expressed as the melting temperature or Tm, which 1s the
temperature at which a probe dissociates from a target DNA.
This melting temperature 1s used to define the required strin-
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gency conditions. To maximize the rate of annealing of the
probe with 1ts target, hybridizations are generally carried out
at a temperature that 1s about 20 to 25° C. below the Tm. For

instance, stringent conditions may typically involve hybrid-
1zing at about 68° C. 1n 5xSSC/5xDenhardt’s solution/1.0%

SDS, and washing 1 0.2xSSC/0.1% SDS at about 68° C.

Moderately stringent conditions include washing 1n 3xSSC at
42° C. The parameters of salt concentration and temperature
can be varied to achieve the optimal level of identity between
the nucleic acid and the target sequence, for instance, a
sequence comprising nucleotide 1077 of SEQ ID NO:1. One
skilled 1n the art will appreciate which parameters to manipu-
late to optimize hybridization. Additional guidance regarding
such conditions 1s readily available 1n the art, for example, by

Sambrook et al., 1989, Molecular Cloning, A Laboratory

Manual, Cold Spring Harbor Press, N.Y.; and Ausubel et al.,
(eds.), 1995, Current Protocols 1n Molecular Biology, (John

Wiley & Sons, N.Y.) at Unit 2.10.

The 1solated nucleic acids of the invention may be labeled.
Non-limiting examples of suitable labels may include tluo-
rescent labels, chemiluminescent labels, radioactive labels,
colorimetric labels, and resonance labels. Methods of label-
ing nucleic acids are well known 1n the art.

The wvarious nucleic acids mentioned above may be
obtained using a variety of different techniques known 1n the
art. The nucleic acids may be 1solated using standard tech-
niques, may be synthesized using standard techniques, or
may be purchased or obtained from a depository. Once the
nucleic acid 1s obtained, it may be amplified and/or sequenced
for use 1n a variety of applications, e.g. the methods described
below.

The invention also encompasses production of nucleic
acids comprising nucleotide 1077 of SEQ ID NO:1, or deriva-
tives or fragments thereof, that may be made by any method
known 1n the art, including by synthetic chemistry. After
production, the synthetic sequence may be inserted into any
of the many available expression vectors and cell systems
using reagents well known 1n the art.

I1. Peptide

Another aspect of the present invention encompasses an
isolated peptide. Generally speaking, the amino acid
sequence of the peptide comprises the amino acid at position
315 of SEQ ID NO:2. In particular, the sequence of the
peptide comprises threomine at position 315 of SEQ ID NO:2,
as opposed to the wild-type sequence that has an alanine at
position 315 (SEQ ID NO:4 1n Table 1). In one embodiment,
the peptide comprises at least five contiguous amino acids,
including amino acid 315, of SEQ ID NO:2. In another
embodiment, the peptide comprises at least 10, at least 15, at
least 20, at least 23, at least 30, at least 35, at least 40, at least
45, at least 50, at least 55, at least 60, at least 65, at least 70,
at least 75, at least 80, at least 90 or at least 100 contiguous
amino acids, including amino acid 315, of SEQ ID NO:2. In
yet another embodiment, the peptide comprises at least 200,
at least 300, at least 400 or at least 500 contiguous amino
acids, imncluding amino acid 313, of SEQ 1D NO:2.

In an alternative embodiment, the peptide comprises the
translated amino acid sequence of exon 6 of TDP-43, wherein
amino acid 3135 1s a threonine. In yet another alternative, the
peptide consists of the amino acid sequence of TDP-43,
wherein amino acid 3135 1s a threonine.

The 1solated peptide of the invention may be labeled. Non-
limiting examples of suitable labels include fluorescent
labels, chemiluminescent labels, radioactive labels, colori-
metric labels, and resonance labels. Methods of labeling pep-
tides are well known 1n the art.
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The various peptides mentioned above may be obtained
using a variety of different techniques known 1n the art. The
peptides may be 1solated using standard techniques, may be
synthesized using standard techniques, or may be purchased
or obtained from a depository.

The 1nvention also encompasses production of peptides
comprising amino acid 315 of SEQ ID NO:2, or derivatives or
fragments thereot, that may be made by any method known 1n
the art, including by synthetic chemaistry.

I11. Methods

Yet another aspect of the mnvention encompasses methods
for determining risk and diagnosis of a TDP-43 proteinopa-
thy. As used herein, a TDP-43 proteinopathy 1s a disorder or
a disease characterized 1n part by a mutation or malfunction of
the TDP-43 protein. In an exemplary embodiment, a TDP-43
proteinopathy 1s a disease or a disorder characterized in part
by the substitution of the guanine at nucleotide 1077 of SEQ
ID NO:3 to an ademine resulting in the nucleic acid sequence
variant of SEQ ID NO:1, or the substitution of the alanine at
amino acid 315 of SEQ ID NO:4 to a threomine resulting in the
amino acid sequence variant of SEQ ID NO:2. Non-limiting
examples of a TDP-43 proteinopathy may include sporadic
frontotemporal lobar degeneration (F'TLD), also called fron-
totemporal dementia, familial FTLD, sporadic MND, famil-
1al MND, sporadic ALS, and familial ALS, and combinations
of these two motor and cognitive phenotypes, including
FTLD-MND.

In one embodiment, the invention provides a method for
determining whether a subject 1s at risk for a TDP-43 protein-
opathy. For instance, in some embodiments, the invention
provides a method for determining whether a subject 1s at risk
for ALS. Generally speaking, the method comprises deter-
mining whether the subject has an ademine at nucleotide 1077
of TDP-43 instead of a guanine. If an adenine 1s present, the
subject may be at risk for developing a TDP-43 protemopa-
thy. Alternatively, the method may comprise determining
whether the subject has a threomne at amino acid 315 of
TDP-43 instead of an alanine. If a threomine 1s present, the
subject may be at risk for developing a TDP-43 proteinopa-
thy.

In another embodiment, the invention provides a method
for diagnosing a subject with a TDP-43 proteimnopathy. For
instance, in some embodiments, the invention provides a
method for diagnosing a subject with ALS. Typically, the
method comprises determiming whether the subject has an
adenine at nucleotide 1077 of TDP-43 instead of a gunanine. If
an adenine 1s present, the subject may be diagnosed with a
TDP-43 protemnopathy. Alternatively, the method may com-
prise determining whether the subject has a threomine at
amino acid 315 o1 TDP-43 instead of an alanine. If a threonine
1s present, the subject may be diagnosed with a TDP-43
proteinopathy.

Methods for determining whether a subject has an adenine
at nucleotide 1077 of TDP-43 instead of a guanine are known
in the art. For instance, sequencing of a portion of TDP-43
encompassing nucleotide 1077 may be performed as detailed
in the examples. Alternatively, an array may be used as
detailed below.

In certain embodiments, nucleic acid from a subject may be
digested with a restriction enzyme that generates a unique
fragment 1n a subject with an adenine at nucleotide 1077 of
TDP-43 instead of a guanine. For instance, the restriction
enzyme Rsal may beused. Rsal generates a unique fragment
when incubated with a nucleic acid comprising exon 6 of
TDP-43 when nucleotide 1077 1s an adenine. The fragment
may be amplified from genomic DNA using the polymerase
chain reaction method. For instance, see FI1G. 1C.
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Similarly, methods for determining whether a subject has a
threonine at amino acid 315 of TDP-43 instead of an alanine
are known 1n the art. For instance, an array may be used as
detailed below. Alternatively an antibody that recognizes a
threonine at position 313, but not an alanine, may be used.

Methods of obtaiming a nucleic acid and/or a peptide of the
invention from a subject are known 1n the art. For instance,
biological samples comprising anucleic acid and/or a peptide
of the invention may be collected from a subject. Non-limit-
ing examples of suitable biological samples may include
blood samples, tissues samples, or bodily fluid samples.
Blood samples may include whole blood, serum, or plasma.
Bodily fluid samples may include urine, lymph, or saliva
samples.

Suitable subjects express TDP-43. For instance, humans,
non-human primates, rodents, livestock animals, and com-
panion animals are non-limiting examples of suitable sub-
jects. Rodents may include mice, rats, and guinea pigs. Live-
stock animals may include cattle, swine, and chicken.
Companion amimals may include cats and dogs. In some
embodiments, the subject 1s a frog. In each of the above
embodiments, the subject may have a family history of a
TDP-43 proteinopathy, of a MND, or of FTLD. Alternatively,
the subject may have symptoms of a TDP-43 proteinopathy,
of a MND, or of a FTLD. In some embodiments, the subject
may have no clinical symptoms of a TDP-43 proteinopathy,
of a MND, or of a FTLD.

IV. Array

A Turther aspect of the invention 1s an array comprising at
least one address. In some embodiments, at least one address
of the array has disposed thereon an epitope binding agent
that can specifically bind to SEQ ID NO:1, or a portion
thereol, containing nucleotide 1077. In other embodlments
at least one address of the array has disposed thereon an
epitope binding agent that can specifically bind to SEQ ID
NO: 2, or a portion thereof, containing amino acid 313.

Several substrates suitable for the construction of arrays
are known 1n the art, and one skilled 1n the art will appreciate
that other substrates may become available as the art
progresses. The substrate may be a material that may be
modified to contain discrete individual sites appropriate for
the attachment or association of an epitope binding agent and
1s amenable to at least one detection method. Non-limiting
examples of substrate matenials imnclude glass, modified or
tfunctionalized glass, plastics (including acrylics, polystyrene
and copolymers of styrene and other materials, polypropy-
lene, polyethylene, polybutylene, polyurethanes, Teflonl,
etc.), nylon or nitrocellulose, polysaccharides, nylon, resins,
silica or silica-based materials including silicon and modified
silicon, carbon, metals, inorganic glasses and plastics. In an
exemplary embodiment, the substrate may allow optical
detection without appreciably fluorescing.

A substrate may be planar, a substrate may be a well, 1.e. a
364 well plate, or alternatively, a substrate may be a bead.
Additionally, the substrate may be the 1nner surface of a tube
for flow-through sample analysis to minimize sample vol-
ume. Similarly, the substrate may be flexible, such as a flex-
ible foam, including closed cell foams made of particular
plastics.

An epitope binding agent may be attached to the substrate
in a wide variety of ways, as will be appreciated by those 1n
the art. The nucleic acid or epitope binding agent may either
be synthesized first, with subsequent attachment to the sub-
strate, or may be directly synthesized on the substrate. The
substrate and the epitope binding agent may be derivatized
with chemical functional groups for subsequent attachment
of the two. For example, the substrate may be dertvatized with
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a chemical functional group including, but not limited to,
amino groups, carboxyl groups, oxo groups or thiol groups.
Using these functional groups, the epitope binding agent may
be attached using functional groups on the nucleic acid or
epitope binding agent either directly or indirectly using link-
ers.

The epitope binding agent may also be attached to the
substrate non-covalently. For example, a biotinylated epitope
binding agent may be prepared, which may bind to surfaces
covalently coated with streptavidin, resulting 1n attachment.
Alternatively, an epitope binding agent may be synthesized
on the surface using techniques such as photopolymerization
and photolithography. Additional methods of attaching
epitope binding agents to arrays and methods of synthesizing

biomolecules on substrates are well known 1n the art, 1.e.
VLSIPS technology from Affymetrix (e.g., see U.S. Pat. No.

6,566,495, and Rockett and D1x, Xenobiotica 30(2):133-177,
both of Wthh are hereby incorporated by reference 1n thelr
entirety).

In one embodiment, the epitope binding agent attached to
the substrate 1s located at a spatially defined address of the
array. Arrays may comprise from about 1 to about several
hundred thousand addresses. In one embodiment, the array
may be comprised of less than 10,000 addresses. In another
alternative embodiment, the array may be comprised of at
least 10,000 addresses. In yet another alternative embodi-
ment, the array may be comprised of less than 5,000
addresses. In still another alternative embodiment, the array
may be comprised of at least 5,000 addresses. In a further
embodiment, the array may be comprised of less than 500
addresses. In yet a further embodiment, the array may be
comprised of at least 500 addresses.

An epitope binding agent may be represented more than
once on a given array. In other words, more than one address
of an array may be comprised of the same epitope binding
agent. In some embodiments, two, three, or more than three
addresses of the array may be comprised of the same epitope
binding agent. In certain embodiments, the array may com-
prise control epitope binding agents and/or control addresses.
The controls may be internal controls, positive controls, nega-
tive controls, or background controls.

As used herein, “epitope binding agent” may refer to a
nucleic acid, an oligonucleic acid, an amino acid, a peptide, a
polypeptide, a protein, a lipid, a metabolite, a small molecule
or a fragment thereotf that recognizes and 1s capable of bind-
ing to SEQ ID NO: 2 or a portion thereof containing amino
acid 315, or to SEQ ID NO:1 or a portion thereof containing
nucleic acid 1077. Nucleic acids may include RNA, DNA,
and naturally occurring or synthetically created derivatives.

In further embodiments, an epitope binding agent of the
array may recognize mutations i one or more ol the
sequences selected from the group of sequences comprising,
the vesicle-associated membrane protein-associated protein
B (VAPB), dynactin (DCTN 1), alsin (ALS2), immunoglo-
bulin p binding protein 2 (IGHMBP2), or glycyl-tRNA syn-
thetase (GARS) genes that are associated with MND.

The arrays may be utilized in several suitable applications.
For example, the arrays may be used 1n methods for detecting
association between an epitope binding agent and a target. As
used herein, “target” refers to a nucleic acid comprising
nucleotide 1077 of SEQ ID NO:1 or a peptide comprising
amino acid 315 of SEQ ID NO:2. This method typically
comprises incubating a sample comprising a target with the
array under conditions such that the target may associate with
the epitope binding agent attached to the array. The associa-
tion may then be detected, using means commonly known in
the art, such as fluorescence. “Association,” as used 1n this
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context, may refer to hybridization, covalent binding, orionic
binding. A skilled artisan will appreciate that conditions
under which association may occur will vary depending on
the epitope binding agent, the substrate, the sample, and the
detection method utilized. As such, suitable conditions may
have to be optimized for each individual array created.

In yet another embodiment, the array may be used as a tool
in a method for determining whether a subject 1s at risk for
developing a TDP-43 proteinopathy. Similarly, the array may
be used as a tool in a method for determining whether a
subject 1s at risk for a MND. Alternatively, the array may be
used as a tool 1n a method for determining whether a subject
1s at risk for ALS. In another alternative, the array may be used
as a tool 1n a method for determining whether a subject 1s at
risk for FTLD. Typically, such a method comprises incubat-
ing the array with a biological sample from the subject. If the
biological sample comprises a nucleic acid comprising nucle-
otide 1077 of SEQ ID NO:1, or a peptide comprising amino
acid 315 of SEQ ID NO:2, then an association between the
array and the sample may be detected, and the subject may be
at risk for developing a TDP-43 proteinopathy.

In certain embodiments, the array may be used as a tool in
a method for diagnosing a subject with a TDP-43 proteinopa-
thy. Similarly, the array may be used as a tool 1n a method for
diagnosing a subject with a MND. Alternatively, the array
may be used as a tool 1n a method for diagnosing a subject
with ALS. In another alternative, the array may be used as a
tool 1n a method for diagnosing a subject with a FTLD.
Typically, such a method comprises incubating the array with
a biological sample from the subject. I the biological sample
comprises a nucleic acid comprising nucleotide 1077 of SEQ
ID NO:1, or a peptide comprising amino acid 315 of SEQ ID
NO:2, then an association between the array and the sample
may be detected, and the subject may be diagnosed with a
TDP-43 proteinopathy.

In each of the above embodiments, the subject may not
display clinical signs of MND, ALS, or FILD. In some

embodiments, the subject may display only a few clinical
signs of MND, ALS or FTLD.

The following examples are included to demonstrate pre-
terred embodiments o the invention. It should be appreciated
by those of skill 1n the art that the techniques disclosed in the
examples that follow represent techniques discovered by the
inventors to function well in the practice of the invention.
Those of skill in the art should, however, 1n light of the present
disclosure, appreciate that many changes can be made 1n the
specific embodiments that are disclosed and still obtain a like
or similar result without departing from the spirit and scope of
the invention, therefore all matter set forth or shown 1n the
accompanying drawings 1s to be interpreted as illustrative and
not 1n a limiting sense.

EXAMPLES

The following examples illustrate various iterations of the
invention.
Methods

Genetic Analysis.

High molecular weight DNA was extracted from whole
blood, serum or brain tissue according to standard proce-
dures. DNA from serum was whole-genome amplified using
the REPLI-g® Midi Kit ((Q1agen Inc., Valencia, Calif., USA)
prior to genetic analysis. DNA from a single affected indi-
vidual from each family was used for sequencing of TDP-43.
All exons and the intron-exon boundaries of the TDP-43 gene
were amplified using gene specific intronic primers. Direct
sequencing of the amplified fragments was performed using
the Big Dye Terminator Cycle Sequencing Ready Reaction
Kit (Applied Biosystems, Wellesley, Mass., USA) and stan-

dard protocols. For most of the fragments the primers used for
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sequencing were the same as those used for PCR amplifica-
tion. Reactions were run on an ABI3130 and mutation analy-
s1s was performed using Sequencher software v4.6 (Gene
Codes Corporation, Ann Arbor, Mich., USA). Positive calls
for sequence variants were made only 1f the variant was
observed 1n both forward and reverse sequence reads. Where
possible, sequence variants were tested for segregation with
the disease and screened 1n a set ol 1,505 unrelated ethnically-
matched controls.

Example 1
Screening

Mutation analysis of the TDP-43 gene was undertaken 1n 8
families with MND/ALS with an autosomal dominant pattern
of inheritance and no mutation within the SOD1 gene, 5
families with familial FTLD-MND, and 25 families with
FTLD-U.'* All families were of European descent. No spo-
radic cases of MND were available, but additional sporadic
cases of FTLD-MND (n=6) and FTLD-U (n=28) were inves-
tigated.

This analysis led to the 1dentification of a missense muta-
tion, Ala-313-Thr (c.1077G>A) within exon 6. In TDP-43
this alanine residue 1s highly conserved throughout the evo-
lutionary spectrum from Homo sapiens to Xenopus tropicalis,
supporting its likely functional importance (Table 2). The
A315T mutation segregated with all affected members of an
autosomal dominant MND family (additional non-coding
sequence variants were also 1dentified in cases with FTLD-U,
FTLD-MND, and MND see FIG. 15 & ¢ and Table 3). This
mutation was absent from a large series of ethnically matched
clderly controls (n=1,505).

The phenotype of the four affected family members with
the TDP-43 A315T mutation mvolved a slowly progressive
lower motor neuron degeneration syndrome with respiratory
involvement, with only minimal involvement of upper motor
or bulbar neurons and absence of dementia (Table 3). Brain
autopsy 1n this kindred remains to be undertaken. Similar
clinical phenotypes have been reported 1n sporadic MND and
in kindreds with SOD1 mutations.>*° The TDP-43 mutation in
familial MND reported here supplements other familial neu-
rodegenerative conditions that affect predominantly lower
motor neurons including mutations 1n the vesicle-associated
membrane protein-associated protein B (VAPB), dynactin
(DCTN1), alsin (ALS2), immunoglobulin u binding protein 2
(IGHMBP2), and glycyl-tRNA synthetase (GARS) genes,
and other mutations in juvenile MND, although some ofthese
mutations have been identified in motor neuron diseases and

hereditary motor neuropathies with variable clinical pheno-

types.'>
These data have important implications for both sporadic

and familial forms of MND and FTLD-U, which are linked by
a common molecular pathology: TDP-43 proteinopathy. The
discovery of a missense mutation 1n TDP-43 1n a family with
dominantly inherited MND provides evidence of a direct link
between TDP-43 function and neurodegeneration.

Example 2
Clinical Family Analysis

The proband (subject I1I-1 of FIG. 1d)) developed weak-
ness and atrophy of his right hand at age 48 years. Leg
strength, mental status, cranial nerves, sensory examination,
reflexes, coordination and gait were normal at 1nitial exami-
nation; upper motor neuron findings were absent. Motor and
sensory nerve conduction was normal, but electromyography
(EMG) showed denervation 1n the arms both proximally and
distally, with fasciculation potentials in the legs, and occa-
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sional large motor unit potentials. Magnetic resonance 1mag-
ing (MRI) of brain and spinal cord were normal, as was blood
work including absent anti-GM1 antibodies; SOD1 gene test-
ing was normal. Three years later his upper extremity weak-
ness had progressed but mental status, cranial nerve function,
leg strength, and sensation remained normal.

The proband’s father (subject 11-2) developed a left foot
drop at age 72. Exam showed atrophy and distal weakness 1n
the left foot, fasciculations, and increased deep tendon
reflexes without other abnormalities. EMG revealed wide-
spread fasciculations with denervation changes in the legs
and paraspinous muscles. Weakness steadily progressed to
involve all four extremities with respiratory and swallowing

difficulty, and he died of respiratory compromise seven years
alter diagnosis.

10

14

Examination at age 69 showed symmetric proximal and distal
weakness 1 the upper extremities, with asymmetric
(left>right) distal predominant weakness in the legs. Retlexes
were brisk throughout. Electrophysiology showed normal
sensory and motor nerve conduction, with denervation
changes 1n both the upper and lower extremities. Respiratory
weakness developed at age 72 years, and he died of respira-
tory complications at age 73 years.

Subject 11-4 developed right leg weakness at age 83, which
progressed to mvolve both legs requiring wheelchair depen-
dence within two years. Asymmetric arm weakness and res-
piratory weakness developed at age 85 and at age 86 there was
severe atrophy and weakness in the lower and upper extrema-

Subject I1I-3 developed left foot drop at age 64, which 15 ties with widespread fasciculations.

progressed to mvolve both legs and his arms within two years.

For more details, see Table 4.

TABLE 2

TDP-43 protein (291-340 amino acids)

displays high similarity between

specles. Regilidues underlined indicate differences when compared to

humans. TDP-43 A315T location 1s indicated in bold italic.
SEQ.
1D
Species 291-340 NO.
Homo NSRGGGAGLGNNQGSNM- - GGGMNFGA FSINPAMMAAAQAALQS SWGMMGML 5
sapiens
Pan NSRGGGAGLGNNQGSNM- - GGGMNFGAFS INPAMMAAAQAAL QS SWGMMGML 6
troglodytes
Macaca NSRGGGAGLGNNQGSNM- - GGGMNFGAR FSINPAMMAAAQAAL QS SWGMMGML 7
mulatta
Bog Taurus NSRGGGAGLGNNQGSNM- -GGGMNFGAFSINPAMMAAAQAALQSSWGMMGHML 8
Felig catus NSRGGGAGLGNNQGSNM- - GGGMNFGAFSINPAMMAAAQAALQS SWGMMGML 5
Cavia N-RGGGAGLGNNQGSNM- - GGGMNFGAFS INPAMMAALAQAAL QS SWGMMGML 10
porcellus
Rattus NSRGGGAGLGNNQGGNM- - GGGMNFGA FS INPAMMAAAQAALQS SWGMMGML 11
norveglicus
Mus NSRGGGAGLGNNQGGNM- - GGGMNFGA FSINPAMMAAAQAALQS SWGMMGML 12
musculus
Gallus NSRGGGGGLGNNQGSNM- -GGGMNFGA FSINPAMMAAAQAATLQS SWGMMGML 13
gallus
Xenopus NSRPSSGALGNNQGGNMGGGGGMNFGA FSINPAMMAARAQAALQS SWGMMGML 14
tropicalis
TABLE 3
Nucleotide Pathological
Position Region change Amino acid  entities Frequency
c.1-430 SUTR G>A n/a MND 0.04a
c.332 Ex 2 T>C A66A MND, FTLD-MND, 0.01087b
control
c.848 + 69 In 5-6 +/G n/a MND, FTLD-MND, 0.25¢
FTLD-U, control
c.1077 Ex 6 G>A A3I5T MND 0.0003d
c.2076 3JUTR  G>A n/a MND, FTLD-U 0.0072¢
c.3674 JUTR  +GTTTT n/a MND, FTLD-MND, 0.84091

FTLD-U, control

(numbering corresponds to polymorphism location with respectto NM__007375); Frequency based on number
of chromosomes screened (a) 60/1,390, (b) 3/276, (¢) 19/76, (d) 1/3,010, (e) 2/276, (f) 37/44). With 276

chromosomes screened and a population frequency of 1%, the power to detect a vanant 1s 0.94.
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TABLE 4
Clinical features of a family with MND with a TDP-43 A315T variant.
Clinical findings Electrophysiology
Age at onset/ Mental Cranial Respiratory  Site of Disease Nerve conductions
Subject death (years) status nerves Involvement onset course (age performed) Electromyography
II-2 72179 Normal Normal Yes Left lower Progressive asymmetric  Normal SNAP Fibs/PSW in legs,
extremity lower motor neuron loss amplitudes, normal thoracic paraspinous
in legs before arms, sensory and motor  muscles. Reduced
distal before proximal. velocities (72) recruitment. Occasional
Brisk reflexes. large motor units.
Death from respiratory Fasciculations
weakness. throughout.
II-3 64/74 Normal Normal Yes Left lower Progressive asymmetric  Normal SNAP Fibs/PSW 1n legs and
extremity lower motor neuron loss amplitudes, normal arms. Reduced
in legs before arms, sensory and motor  recruitment. Occasional
distal and proximal. velocities (68) large motor units.
Brisk reflexes. Fasciculations
Death from respiratory throughout.
weakness.
II-4 83 Normal Normal Yes Right lower Progressive asymmetric  Not available Not available
extremity lower motor neuron loss,
distal and proximal,
legs before arms. Brisk
reflexes.
III-1 48 Normal Normal No Right upper Progressive asymmetric  Normal SNAP Fibs/PSW 1n arms.
extremity lower motor neuron loss, amplitudes, normal Fasciculations in
distal before proximal, sensory and motor  arms/legs

Fibs = fibrillations; PSW = positive sharp waves; SNAP = sensory nerve action potential.

T 1 B
REFE
a4 7 4 7
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<160>

<210>
<211>
212>
<213>

NUMBER OF SEQ ID NOS:

SEQ ID NO 1
LENGTH.:
TYPE:
ORGANISM: Homo sapiens

42306
DNA

<400> SEQUENCE: 1

ggtgggcggy
ctgcgettygy
gggaaaagta
ttgaaatacc
caggggcgtyg
tggtagaagg

actatccaaa

gggaggaggc
gtcegteget
aaagatgtct
at cggaagac

tgggcttcgc

aattctgcat

agataacaaa

H H, Ince P G, et al. Ann Neurol

SEQUENCE LISTING

14

ggccctageg
gctteggtgt

gaatatattc

gatgggacgg

tacaggaatc

gccccagatg

agaaaaatgg

35

40

arms before legs.

702-705.

10. Wang HY, Wang I F, Bose J, Shen C K. Genomics 2004;

33:130-139.

11. Ou S H, Wu F, Harrich D, et al. J Virol 1995; 69:3584-

3596.

12. Buratti E, Dork T, Zuccato E. et al.
20:1774-1784.

13. Ayala’Y M, Pantano S, D’ Ambrogio A. et al. ] Mol Biol
2005; 348:575-388.

14. Cairns N 1, Bigio E H, Mackenzie I R A, et al. Acta

velocities (49)

Neuropathol 2007; 114:5-22.

15. Strong M T (ed). 2006. Dementia and Motor Neuron

Disease. Informa, Oxford, UK

ccattttgtyg

ccetgteggy

gggtaaccga

tgctgctctc

cagtgtctca

ctggcetgggy

atgagacaga

ggagcgaagc
cttcccagea
agatgagaac
cacggttaca
gtgtatgaga
aaatctggtg

tgcttcatca

ggtggcetggy

gcggcectage

gatgagccca

gcccagttte

ggtgtﬂﬂggﬂ

tatgttgtca

gcagtgaaag

60

120

180

240

300

360

420

30 9. Hutton M, Lendon C L, Rizzu P, et al. Nature 1998; 393:

~MBO ] 2001;



tgaaaagagc

ccgaacagga

agaaagatct

aaacacaagt

aacttcctaa

ggcgctgtac

atgtgatgga

atgatcagat

atatatccaa

ttggtggtaa

gagctggttt

tcagcattaa

tgatgggcat

aaggcaacat

gctctaattce

gttttaatgg

cagtggggtt

gtaagtatat

gagtatattc

ttataagttt

gcctgattgyg

atccctggac

tacattcttt

aatctccttt

acttgtctcc

atctcattcc

gccataggaa

ccgegtettt

atcaacgcta

ccttgtgtgy

gagagcgcegt

tctctcaatc

acgaatgttt

ttgttcttag

ctaccccttt

tgtaagtgtyg

gtgctttgca

gtggaagttc

ctgtgcttgy

agtccagaaa

cctgaaagag

taagactggt

gaaagtaatg

ttctaagcaa

agaggacatyg

tgtcttcatc

tgcgcagtcet

tgccgaacct

tccaggtggc

gggaaacaat

tccagccaty

gttagccagc

gcagagdggagy

tggtgcagca

aggctttggc

gtggttggtt

tgtaaaatac

agcagtattt

tgttacatga

taaaccaaca

ttgtcaagtyg

accccttgtt

taggagatca

cctcatacac

aaatgtttat

tactgtctac

gacggtgggt

tgaacgcaag

gattgatggt

gcagagactt

ctgtggettt

tttgcattca

ataacccaca

gtcaactgct

gcaatgtgaa

ggaggacttyg

taatgtctgt

atgcttttta

17

acatccgatt
tattttagta
cattcaaagg
tcacagcgac
agccaagatg
actgaggatg
cccaagccat
ctttgtggag
aagcacaata
tttgggaatc
caaggtagta
atggctgccg
cagcagaacc
ccaaaccagg
attggttggg
tcaagcatygg
ggtatagaat
atatgtacta
ttgacatttt
aaggttgaaa
cactacaatt
aattctttge
ttaatttgaa
tggtgtcaca
aaaagtacaa
ggaagaagca
atgctttetc
gtcccatttt
gctgtgatat
ggtgccgagyg
ggtggtgcat
ggtgagagag
aaggacatcc
ttagatgaat
gtgaatgctyg
ctgaagctga
aagcagagtt
tagctaccca

taagagttgt

taatagtgtt

cctttggaga

ggtttggcett

atatgataga

agcctttgag

agctgcggga

tcagggcctt

aggacttgat

gcaatagaca

agggtggatt

atatgggtgg

cccaggcagc

agtcaggccc

cctteggttce

gatcagcatc

attctaagtc

ggtgggaatt

agaattttca

tctttagaaa

tattgagtgy

gatatcaaaa

atgttcaaaa

ccoccaccata

gtgtttggtt

tatgaagcct

cttcattgaa

attcaagaat

tatccgctac

ggaaccagaa

catgaaaggc

aatggatatt

tgtgcagaga

acatctgtty

gtgttaagtyg

tatggtgtgt

tgggctgaga

caccagtgag

taagaatgct

cattgttgga
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-continued

gggtctccca

agttcttatg

tgttcegtttt

tggacgatgg

aagcagaaaa

gttcttctet

tgcctttgtt

cattaaagga

gttagaaaga

tggtaatagc

tgggatgaac

actacagagc

atcgggtaat

tggaaataac

caatgcaggyg

ttctggctygy
caaatttttc

aaattggttt

aaggaagagc

ttgaaagtga

ggtttctect

cggaaaccat

tggatttttt

CECCCgLtttLtt

tcatttaatc

agtagtgctyg

tcgtcatcac
CCCLttatttc

ggctgtctga

tagtatgagc

ttttaacttg

gcaatgatag

gaagactttt

aaatgatact

gttctettet

acatggactg

ctcaggtgtc

gtttgctgca

aattcttaaa

tggaaaacaa

gtgcaggtca

acggaatatg

tgtgactgca

gtgtttgtgg

cagtacgggg

acatttgcag

atcagcgttce

agtggaagat

agagggggtg

tttggtacgt

agttggggta

daccaaaacc

tcttatagtg

tcgggcagtg

ggaatgtaga

taaactcatg

gttcagtgtyg

taaaggaatt

actgctgttt

gtaatatttt

tgattagaac

Cccttaagaa

gttttttaac

tctgcagttce

Caaatattctct

gcatcacagyg

atggagtcgt

acttttgaaa

gagaaaagga

gcgagatgtyg

caaataatgt

aagtgagttt

tgtactcccc

gttactgata

agcttgtggt

tcaaagaagyg

gttctgtgte

taaaactgat

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

18



ttaaataata
cccCctttttt
tgcttcaaat
gcattgacac
attttttttt
gtaagcagta
acatggcctyg
ggagtgggca
gggaatatca
aaagtagaag
taagaattag
gaggtggggy
ctctcacaat
ttgtaactaa
gtgttggtag
ttgcaagtta
gtttcattat
catctgaatc
cactattact
gactaaactyg
taatccctte
gagtggcctt
aagaagattt
ctatttggtc
CCCLCCtttga
<210>
<211>

<212 >
<213>

tgtgtctttyg

gacccttttyg

aaacttattt

ctgataccca

ttcttttgaa

ccetececgygcet

tgtaaatctc

aaatgttgat

gcaccttcct

daaccacada

ggtgggttgt

aatgtggtaa

gcattgttaa

ttctgtgaga

Cttacctaat

cataaacatt

tcagtttccet

tgcatgattt

cagcagcagt

acaagccttce

tttacacttyg

ttattaacat

tgaagtttaa

aatctaaatg

caccacddadd

SEQ ID NO 2
LENGTH :
TYPE :
ORGANISM: Homo saplens

414
PRT

19

ttttgcagcc
agatggaact
gaaaagttgt
gacttaattyg
atctagtttt
Ctttcttagt
cattgggaag
tattttctaa
agtttgggat
ttatcttgtyg
ctgtctggaa
cattgaatac
gtatgtaaaa
gttgagctca
gcccttacct
tatcaatgaa
ctgtaaaggg
ccaaaccctg
aacatggtaa
aaggagccca
tgtaaatttc
gtttatggta
aagtacttaa
cattcattct

ddddadddadd

ctgaatgcaa

ttcataaagt

ctcaagtcaa

gtatttgttc

gaataagtct

gcctetgtyge

tcatgccttce

tgctttgtag

ttgaaaagtyg

cctgaaatcc

gtgttaagtg

agttgaataa

gcaataacat

Ctttctagtt

aattagatta

gtcatccttt

atcttgagtt

taccatctga

cacttaaaat

ggggtaagtt

agttactggt

ctgcatagat

actatttggc

aaaaaatttt

dddddaa
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-continued

agaattcata

ttcttggcag

atggattcat

ttgcattggce

gggtgaccgc

atttgggtga

taaaaagatt

caaagcatat

gaattaattyg

attaagaggc

gaatgggctt

aatcgcttac

tgattctetg

ggaagaatgt

tgataaatag

agacttgtaa

gLtttaattt

attttgcatt

ggtactcggyg

aacttgtcaa

catagaaggc

acgggtattt

aaagatttgt

ttgaaccaga

gcagttaatt

tagtttattt

cacctgtcat

caaagtgaaa

acctaaaatg

Cgttctattt

cttatttggg

caattgaaaa

cagtagggat

ctgatagctt

tgtcctccag

aaaactcaca

Ctgtactttt

gatatttgtt

gtttgtcatt

tcgccacatt

CCCCLLECLg

ttagcacttg

gacctccaaa

cggcatggtt

tttcaatgtt

attttaccct

Ctttaaaaat

Caaataaaat

<400>

SEQUENCE :

2

Met Ser Glu Tyr Ile

1

Glu

Ala

Gln

ASpP

65

AsSn

Tle

Gln

Cys
50

2la

Arg

Pro

Phe

35

Met

Gly

ATg

Ala

Ser
20

Pro

ATrg

Trp

Val
100

5

Glu

Gly

Gly

Gly

Met

85

Gln

ATrg

ASpP

Ala

Vval

Agn
70

ASP

Val

AsSp

Arg
55

Leu

Glu

Thr

Thr

Gly

Gly

40

Leu

Val

Thr

Ser

Glu

Thr
25

Leu

Val

ASP

ASDP
105

ASp
10

Val

Arg

Glu

Val

ala

90

Leu

Glu

Leu

Gly

Val
75

Ser

Tle

Agnh

Leu

ATYJ

Tle
60

AsSn

Ser

Val

Asp

Ser

Asn
45

Leu

Ala

Leu

Glu

Thr
30

Pro

His

Pro

Val

Gly
110

Pro
15

Val

Val

2la

Lys
o5

Leu

ITle

Thr

Ser

Pro

ASp

80

Val

Pro

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4236

20



Trp

Glu

Lys

145

Val

Leu

Val

Glu

Pro

225

Gln

ITle

Ser

Phe

Ser

305

Ala

Met

Agn

Ser

Trp

385

Phe

Val

130

Gly

Met

Pro

Phe

Phe

210

Phe

Ser

Ser

Gly

Gly

290

AgSh

Met

Gly

Gln

Gly

370

Gly

Gly

Thr
115

Leu

Phe

Ser

Agn

Val

195

Phe

Leu

Agn

Arg

275

Agn

Met

Met

Met

Agn

355

Agn

Ser

Ser

Thr

Met

Gly

Gln

Ser

180

Gly

Ser

Ala

Ala

260

Phe

Ser

Gly

Ala

Leu

340

Gln

Agn

Ala

Ser

Glu

Val

Phe

Arg

165

Arg

Gln

Phe

Gly

245

Glu

Gly

Arg

Gly

Ala

325

Ala

Gly

Ser

Ser

Met
405

<210> SEQ ID NO 3

<211> LENGTH:

4236

Gln

Gln

Vval

150

His

Gln

Ala

230

Glu

Pro

Gly

Gly

Gly

310

Ala

Ser

Agn

AsSn
3290

ASpP

21

AsSp
Val
135
Arg
Met
ser
Thr
Gly
215

Phe

AsSp

Asn
Gly
295
Met
Gln
Gln
Met
Ser
375

Ala

Ser

Leu

120

Phe

Ile

Gln

Glu

200

ASP

Val

Leu

Hig

Pro

280

Gly

Agh

2la

Gln

Gln

360

Gly

Gly

Thr

ASP

ASP

185

ASDP

Val

Thr

Tle

Agn

265

Gly

Ala

Phe

Ala

Agn

345

Arg

Ser

Ser

Ser

Glu

ASpP

Glu

Gly

170

Glu

Met

Met

Phe

Tle

250

Ser

Gly

Gly

Gly

Leu

330

Gln

Glu

Agn

Gly

Ser
410

Leu

Tyr

155

ATYg

Pro

Thr

ASDP

Ala
235

Agnh

Phe

Leu

Thr

315

Gln

Ser

Pro

Ser

Ser

395

Gly

-continued

Phe

Lys

140

Glu

Trp

Leu

Glu

Val

220

ASD

Gly

AYg

Gly

Gly

300

Phe

Ser

Gly

AsSn

Gly

380

Gly

Trp

Ser
125
Thr

Thr

Arg

Asp

205

Phe

Asp

Tle

Gln

AsSn

285

Asn

Ser

Ser

Pro

Gln
365
Ala

Phe

Gly

Thr

Gly

Gln

ASP

Ser

120

Glu

Ile

Gln

Ser

Leu

270

Gln

Agn

Tle

Trp

Ser

350

Ala

Ala

Agn

Met

Phe

Hisg

Val

Cys

175

ATy

Leu

Pro

Tle

Val

255

Glu

Gly

Gln

AgSh

Gly

335

Gly

Phe

Tle

Gly
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Gly

Ser

Lys
160

Ala

240

His

ATrg

Gly

Gly

Pro

320

Met

Agn

Gly

Gly

Gly
400

<212> TYPE:

DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

ggtgggcggy

ctgcgcettgy

gggaaaagta

ttgaaatacc

caggggcegtyg

tggtagaagg

actatccaaa

gyggaggagdc

gtccgtcegcet

aaagatgtct

atcggaagac

tgggcttcegc

aattctgcat

agataacaaa

ggccctageg

gcttcggtgt

gaatatattc

gatgggacgg

tacaggaatc

gccccagatyg

agaaaaatgg

ccattttgtyg

ccetgteggy

gggtaaccga

tgctgctcectc

cagtgtctca

ctggcetgggyg

atgagacaga

ggagcdaaycC

cttceccagcea

agatgagaac

cacggttaca

gtgtatgaga

aaatctggtg

tgcttcatca

ggtggctggy

gcggcoctagc

gatgagccca

gcccagtttc

ggtgtccggce

tatgttgtca

gcagtgaaag

60

120

180

240

300

360

420
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tgaaaagagc

ccgaacagga

agaaagatct

aaacacaagt

aacttcctaa

ggcgctgtac

atgtgatgga

atgatcagat

atatatccaa

ttggtggtaa

gagctggttt

tcagcattaa

tgatgggcat

aaggcaacat

gctctaattce

gttttaatgg

cagtggggtt

gtaagtatat

gagtatattc

ttataagttt

gcctgattygy

atccctggac

tacattcttt

aatctccttt

acttgtctcc

atctcatttc

gccataggaa

ccgegtettt

atcaacgcta

ccttgtgtgy

gagagcgegt

Cctctcaatc

acgaatgttt

ttgttcttag

ctaccccttt

tgtaagtgtyg

gtgctttgca

gtggaagttc

ctgtgcttgy

ttaaataata

agtccagaaa

cctgaaagag

taagactggt

gaaagtaatg

Ctctaagcaa

agaggacatyg

tgtcttcate

tgcgcagtcet

tgccgaacct

tccaggtggc

gggaaacaat

tccagccatyg

gttagccagc

gcagaggyay

tggtgcagca

aggctttggc

gtggttggtt

tgtaaaatac

agcagtattt

tgttacatga

taaaccaaca

ttgtcaagtyg

accccttgtt

taggagatca

cctcatacac

aaatgtttat

tactgtctac

gacggtgggt

tgaacgcaag

gattgatggt

gcagagactt

ctgtggettt

tttgcattca

ataacccaca

gtcaactgct

gcaatgtgaa

ggaggacttg

taatgtctgt

atgcttttta

tgtgtctttyg

23

acatccgatt
tattttagta
cattcaaagg
tcacagcgac
agccaagatg
actgaggatg
cccaagcecat
ctttgtggag
aagcacaata
tttgggaatc
caaggtagta
atggctgccg
cagcagaacc
ccaaaccagg
attggttggg
tcaagcatygg
ggtatagaat
atatgtacta
ttgacatttt
aaggttgaaa
cactacaatt
aattctttgce
ttaatttgaa
tggtgtcaca
aaaagtacaa
ggaagaagca
atgctttetc
gtcccatttt
gctgtgatat
ggtgccgagg
ggtggtgcat
ggtgagagag
aaggacatcc
ttagatgaat
gtgaatgctyg
ctgaagctga
aagcagagtt
tagctaccca
taagagttgt

ttttgcagcc

taatagtgtt

cctttggaga

ggtttggett

atatgataga

agcctttgag

agctgcggga

tcagggcctt

aggacttgat

gcaatagaca

agggtggatt

atatgggtgg

cccaggcagc

agtcaggccc

cctteggttc

gatcagcatc

attctaagtc

ggtgggaatt

agaattttca

tctttagaaa

tattgagtygy

gatatcaaaa

atgttcaaaa

ccccaccata

gtgtttggtt

tatgaagcct

cttcattgaa

attcaagaat

tatccgctac

ggaaccagaa

catgaaaggc

aatggatatt

tgtgcagaga

acatctgtty

gtgttaagtg

tatggtgtgt

tgggctgaga

caccagtgag

taagaatgct

cattgttgga

ctgaatgcaa
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-continued

gggtctccca

agttcttatg

tgttcegtttt

tggacgatgg

aagcagaaaa

gttcttetet

tgcctttgtt

cattaaagga

gttagaaaga

tggtaatagc

tgggatgaac

actacagagc

atcgggtaat

tggaaataac

caatgcaggyg

ttctggetygy
caaatttttc

aaattggttt

aaggaagagc

ttgaaagtga

ggtttctect

cggaaaccat

tggatttttt

CCCLCCtgtttt
tCcatttaatc

agtagtgctg

tcgtcatcac

CCCttatttc

ggctgtctga

tagtatgagc

ttttaacttyg

gcaatgatag

gaagactttt

aaatgatact

gttctettet

acatggactg

ctcaggtgtc

gtttgctgca

aattcttaaa

agaattcata

tggaaaacaa

gtgcaggtca

acggaatatg

tgtgactgca

gtgtttgtgyg

cagtacgggg

acatttgcayg

atcagcgttc

agtggaagat

agagggggtyg

tttggtgegt

agttggggta

dAdcCcaadacc

tcttatagtg

tcgggcagtg

ggaatgtaga

taaactcatg

gttcagtgtyg

taaaggaatt

actgctgttt

gtaatatttt

tgattagaac

tccttaagaa

gttttttaac

tctgcagttce

Caaatattct

gcatcacagyg

atggagtcgt

acttttgaaa

gagaaaagga

gcgagatgtg

caaataatgt

aagtgagttt

tgtactcccc

gttactgata

agcttgtggt

tcaaagaagyg

gttetgtgte

taaaactgat

gcagttaatt

480

540

600

660

720

780

840

900

560

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

24



CCCCLTLLCLCE

tgcttcaaat

gcattgacac

AttCCCLttLtE

gtaagcagta

acatggcctyg

ggagtgggca

gggaatatca

aaagtagaag

taagaattag

gaggtggggyg

ctctcacaat

ttgtaactaa

gtgttggtag

ttgcaagtta

gtttcattat

catctgaatc

cactattact

gactaaactg

taatcccttce

gagtggcctt

aagaagattt

ctatttggtc

CECtLtttga

gaccctttty

aaacttattt

ctgataccca

ttcttttgaa

ccectecgget

tgtaaatctc

aaatgttgat

gcaccttcct

ddaccacadd

ggtgggttgt

aatgtggtaa

gcattgttaa

ttctgtgaga

CLtacctaat

cataaacatt

tcagtttcct

tgcatgattt

cagcagcagt

acaagccttc

tttacacttyg

Ctattaacat

tgaagtttaa

aatctaaatg

caccacaaadad

«<210> SEQ ID NO 4

<211> LENGTH:
«212> TYPERE:
ORGANISM :

<213>

414
PRT

<400> SEQUENCE: 4

25

agatggaact
gaaaagttgt
gacttaattyg
atctagtttt
Ctttcttagt
cattgggaag
tattttctaa
agtttgggat
ttatcttgtyg
ctgtctggaa
cattgaatac
gtatgtaaaa
gttgagctca
gcccttaccet
tatcaatgaa
ctgtaaaggg
ccaaaccctg
aacatggtaa
aaggagccca
tgtaaatttc
gtttatggta
aagtacttaa
cattcattct

dddadadadadaad

Homo sapiens

ttcataaagt

ctcaagtcaa

gtatttgtte

gaataagtct

gcctcectgtge

tcatgccttc

tgctttgtag

ttgaaaagtyg

cctgaaatcc

gtgttaagtyg

agttgaataa

gcaataacat

CtCtctagtt

aattagatta

gtcatccttt

atcttgagtt

taccatctga

cacttaaaat

ggggtaagtt

agttactggt

ctgcatagat

actatttggc

aaaaaatttt

dddadaa
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-continued

ttcttggcayg

atggattcat

ttgcattggce

gggtgaccgc

atttgggtga

taaaaagatt

caaagcatat

gaattaattyg

attaagaggc

gaatgggctt

aatcgcttac

tgattctetg

ggaagaatgt

tgataaatag

agacttgtaa

gttttaattt

attttgcatt

ggtactcggg

aacttgtcaa

catagaaggc

acgggtattt

aaagatttgt

ttgaaccaga

tcagtttattt

cacctgtcat

caaagtgaaa

acctaaaatg

Cgttctattt

cttatttggg

caattgaaaa

cagtagggat

ctgatagctt

tgtcctecag

aaaactcaca

Ctgtactttt

gatatttgtt

gtttgtcatt

tcgccacatt

CCCLCtttctyg

ttagcacttg

gacctccaaa

cggcatggtt

tttcaatgtt

attttaccct

Ctttaaaaat

Caaataaaat

Met Ser Glu Tyr

1

Glu

Ala

Gln

ASp
65

Asn

Trp

Tle

Gln

Cys
50

2la

Pro

Phe
35

Met

Gly

ATrg

Ala

Thr

Ser
20

Pro

ATy

Trp

Val
100

Thr

Tle

Glu

Gly

Gly

Gly

Met

85

Gln

Glu

ATrg

ASP

Ala

Val

Agn
70

ASpP

Gln

Val

Asp

Arg

55

Leu

Glu

Thr

AsSp

Thr

Gly

Gly

40

Leu

Val

Thr

Ser

Leu

Glu
Thr
25

Leu

Val

ASP

ASP
105

ASp

10

Val

Arg

Glu

Val

2la
90

Leu

Glu

Glu

Leu

Gly

Val
75

Ser

Ile

AsSn

Leu

AYg

Tle

60

ASn

Ser

Val

Phe

Asp

Ser

ASn
45

Leu

Ala

Leu

Ser

Glu

Thr
20

Pro

His

Pro

Val

Gly

110

Thr

Pro
15
Val

Val

Ala

Lys
o5

Leu

Phe

Tle

Thr

Ser

Pro

ASDP

80

Val

Pro

Gly

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4236
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Glu

Lys

145

Val

Leu

Val

Glu

Pro

225

Gln

Tle

Ser

Phe

Ser

305

Ala

Met

Asn

Ser

Trp

385

Phe

Val

130

Gly

Met

Pro

Phe

Phe

210

Phe

Ser

Ser

Gly

Gly

290

Agn

Met

Gly

Gln

Gly

370

Gly

Gly

115

Leu

Phe

Ser

Agn

Val

195

Phe

ATrg

Leu

Agn

ATrg

275

Agn

Met

Met

Met

Agn

355

AgSh

Ser

Ser

Met

Gly

Gln

Ser

180

Gly

Ser

Ala

Ala

260

Phe

Ser

Gly

Ala

Leu

340

Gln

Agnh

Ala

Ser

Val

Phe

Arg

165

Arg

Gln

Phe

Gly

245

Glu

Gly

Arg

Gly

Ala

325

Ala

Gly

Ser

Ser

Met
405

«<210> SEQ ID NO 5

<211> LENGTH:

«212> TYPE:

<213> ORGANISM: Homo sapiens

PRT

<400> SEQUENCE:

50

5

Gln
Val
150

His

Gln

Ala

230

Glu

Pro

Gly

Gly

Gly

310

Ala

Ser

Asn

Agn
3290

ASpP

27

Val

135

Arg

Met

Ser

Thr

Gly

215

Phe

Asp

Asn

Gly

295

Met

Gln

Gln

Met

Ser

375

Ala

Ser

120

Phe

Tle

Gln

Glu

200

ASP

Val

Leu

His

Pro

280

Gly

Agn

Ala

Gln

Gln

360

Gly

Gly

Asn Ser Arg Gly Gly Gly Ala Gly

1

5

Met Gly Gly Gly Met Asn Phe Gly

20

Met Ala Ala Ala Gln 2Ala 2la Leu

Met

Leu
50

35

<210> SEQ ID NO o

<«211> LENGTH:

50

40

Thr

ASP

ASP

185

ASP

Val

Thr

Ile

ASn

265

Gly

Ala

Phe

Ala

ASn

345

ATrg

Ser

Ser

Ser

Leu

Ala
25

Gln

ASDP

Glu

Gly

170

Glu

Met

Met

Phe

Ile

250

Ser

Gly

Gly

Gly

Leu

330

Gln

Glu

AgSh

Gly

Ser
410

Leu

Tyr

155

Arg

Pro

Thr

ASpP

Ala

235

Agnh

Phe

Leu

Ala

315

Gln

Ser

Pro

Ser

Ser

395

Gly

-continued

Lys

140

Glu

Trp

Leu

Glu

Val

220

ASDP

Gly

AYg

Gly

Gly

300

Phe

Ser

Gly

Asn

Gly

380

Gly

Trp

Gly Asn Asn

10

Phe Ser Ile

sSer Ser Trp

125

Thr

Thr

Arg

Asp

205

Phe

Asp

Ile

Gln

Asn

285

AsSn

Ser

Ser

Pro

Gln

365

Ala

Phe

Gly

Gln

AsSn

Gly
45

Gly

Gln

ASP

Ser

120

Glu

Tle

Gln

Ser

Leu

270

Gln

Agn

Tle

Trp

Ser

350

Ala

Ala

Agn

Met

His

Val

Cys

175

Arg

Leu

Pro

Ile

Val

255

Glu

Gly

Gln

Agn

Gly

335

Gly

Phe

Tle

Gly
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Ser

Lys
160

2la
240

Hig

Gly

Gly

Pro

320

Met

Agn

Gly

Gly

Gly
400

Gly Ser Asn

15

Pro Ala Met

30

Met Met Gly

28



«212> TYPE: PRT

29

<213> ORGANISM: Pan troglodytes

<400> SEQUENCE:

Asn Ser Arg Gly Gly Gly Ala Gly

1

Met Gly Gly Gly Met Asn Phe Gly

20

Met Ala Ala Ala Gln 2Ala 2la Leu

35

Met Leu
50

<210> SEQ ID NO
<211> LENGTH: 50
«212> TYPE: PRT

6

5

7

40

<«213> ORGANISM: Macaca mulatta

<400> SEQUENCE:

Asn Ser Arg Gly
1

Met Gly Gly Gly
20

Met Ala Ala Ala
35

Met Leu
50

<210> SEQ ID NO
«211> LENGTH: 50
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Asn Ser Arg Gly
1

Met Gly Gly Gly
20

Met Ala Ala Ala
35

Met Leu

50

<210> SEQ ID NO
«211> LENGTH: 50
<212> TYPRE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Asn Ser Arg Gly
1

Met Gly Gly Gly
20

Met Ala 2Ala Ala
35

Met Leu
50

<«210> SEQ ID NO

v

Gly Gly Ala
5
Met ZAgsn Phe

Gln Ala Ala

8

Bogs taurus
8

Gly Gly Ala
5

Met Agsn Phe

Gln Ala Ala

5

Felis catus

Gly Gly Ala
5

Met Agsn Phe

Gln Ala Ala

10

Gly

Gly

Leu
40

Gly

Gly

Leu
40

Gly

Gly

Leu
40

Leu

Ala
25

Gln

Leu

Ala
25

Gln

Leu

Ala
25

Gln

Leu

Ala
25

Gln

US 8,889,597 B2

-continued

Gly Asn Asn

10

Phe Ser Ile

sSer Ser Trp

Gly Asn Asn
10

Phe Ser Ile

ser Ser Trp

Gly Asn Asn
10

Phe Ser Ile

ser Ser Trp

Gly Asn Asn
10

Phe Ser Ile

sSer Ser Trp

Gln

Agh

Gly

45

Gln

ASn

Gly
45

Gln

AsSn

Gly
45

Gln

AsSn

Gly
45

Gly Ser Asn
15

Pro Ala Met
20

Met Met Gly

Gly Ser Asn
15

Pro Ala Met
20

Met Met Gly

Gly Ser Asn
15

Pro Ala Met
20

Met Met Gly

Gly Ser Asn
15

Pro Ala Met
20

Met Met Gly
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31

-continued

<211l> LENGTH: 49
<212> TYPE: PRT
<213> ORGANISM: Cavia porcellus

<400> SEQUENCE: 10

Asn Arg Gly Gly Gly Ala Gly Leu Gly Asn Asn Gln Gly
1 5 10

Gly Gly Gly Met Asn Phe Gly Ala Phe Ser Ile Asn Pro
20 25

Ala Ala Ala Gln Ala Ala Leu Gln Ser Ser Trp Gly Met
35 40 45

Leu

<210> SEQ ID NO 11

<211l> LENGTH: 50

<212> TYPE: PRT

<213> ORGANISM: Rattus norvegicus

<400> SEQUENCE: 11

Asn Ser Arg Gly Gly Gly Ala Gly Leu Gly Asn Asn Gln
1 5 10

Met Gly Gly Gly Met Asn Phe Gly Ala Phe Ser Ile Asn
20 25

Met Ala Ala Ala Gln Ala Ala Leu Gln Ser Ser Trp Gly
35 40 45

Met Leu
50

<210> SEQ ID NO 12

<211> LENGTH: 50

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 12

Asn Ser Arg Gly Gly Gly Ala Gly Leu Gly Asn Asn Gln
1 5 10

Met Gly Gly Gly Met Asn Phe Gly Ala Phe Ser Ile Asn
20 25

Met Ala Ala Ala Gln Ala Ala Leu Gln Ser Ser Trp Gly
35 40 45

Met Leu

50

<210> SEQ ID NO 13
«211> LENGTH: 50
<212> TYPRE: PRT

<213> ORGANISM: Gallus gallus

<400> SEQUENCE: 13

Asn Ser Arg Gly Gly Gly Gly Gly Leu Gly Asn Asn Gln
1 5 10

Met Gly Gly Gly Met Asn Phe Gly Ala Phe Ser Ile Asn
20 25

Met Ala Ala Ala Gln Ala Ala Leu Gln Ser Ser Trp Gly
35 40 45

Met Leu
50

<210> SEQ ID NO 14

Ser Agnh Met
15

2la Met Met
20

Met Gly Met

Gly Gly Asn
15

Pro Ala Met
20

Met Met Gly

Gly Gly Asn
15

Pro Ala Met
20

Met Met Gly

Gly Ser Asn
15

Pro Ala Met
20

Met Met Gly
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33

-continued

<211l> LENGTH: 52
<212> TYPE: PRT
<213> ORGANISM: Xenopus tropicalis

<400> SEQUENCE: 14

Asn Ser Arg Pro Ser Ser Gly Ala Leu Gly Asn Asn Gln Gly Gly Asn
1 5 10 15

Met Gly Gly Gly Gly Gly Met Asn Phe Gly Ala Phe Ser Ile Asn Pro
20 25 30

Ala Met Met Ala Ala Ala Gln Ala Ala Leu Gln Ser Ser Trp Gly Met

34

35 40 45

Met Gly Met Leu
50

What 1s claimed 1s:

1. A method for detecting a mutation in a TDP-43 gene
from a human subject, comprising,

(1) obtaining a sample comprising a TDP-43 gene from the

human subject; and

(1) sequencing the TDP-43 gene; and

(11) detecting an ademine at a position corresponding to

position 1077 of SEQ ID NO:1.

2. A method for identifying a human subject at risk for a
TDP-43 proteinopathy, comprising (1) obtaining a sample
comprising a TDP-43 gene from the human subject; (11)
sequencing the TDP-43 gene; (111) detecting an adenine at a
position corresponding to position 1077 of SEQ 1D NO:1;
and (1v) identifying the subject as having a risk for a TDP-43
proteinopathy when an adenine 1s detected at position 1077 of
SEQ ID NO:1.

3. The method of claim 2, wherein the subject 1s also atrisk
for motor neuron disease (MND) selected from the group
consisting of familial MND and amyotrophic lateral sclerosis
(ALS).

4. The method of claim 2, wherein the subject is also at risk
for FTLD-U.

5. A method for classifying a human subject with FTLD-U

20 or MND as having a TDP-43 proteinopathy, comprising,

25

(1) obtaining a sample comprising a TDP-43 gene from the
human subject;

(1) sequencing the TDP-43 gene;

(111) detecting an adenine at a position corresponding to
position 1077 of SEQ ID NO:1; and

(1v) 1dentitying the subject as having a TDP-43 proteinopa-
thy when an adenine 1s detected at a position corre-
sponding to position 1077 of SEQ ID NO:1.

6. The method of claim 5, wherein the MND 1s selected

| from the group consisting of familial MND and ALS.

35

7. A method for classitying a human subject with famailial
MND as having a TDP-43 proteinopathy, comprising,

(1) obtaining a sample comprising a TDP-43 gene from the
human subject;

(1) sequencing the TDP-43 gene;

(111) detecting an adenine at a position corresponding to
position 1077 of SEQ ID NO:1; and

(1v) 1dentitying the subject as having a TDP-43 proteinopa-
thy when an adenine 1s detected at a position corre-
sponding to position 1077 of SEQ ID NO:1.
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